Background
==========

The current swine-origin influenza A (H1N1) strain (S-OIV), also known as the swine flu, was responsible for numerous emergency room visits, hospital admissions, complications and deaths worldwide in 2009. A recent Canadian review of 58 children admitted to the Hospital for Sick Children with H1N1 influenza, found that 29% of these children had radiographic changes compatible with pneumonia. In addition, these children were significantly more likely to have a comorbid diagnosis of asthma than children with seasonal influenza \[[@B1]\]. The burden of illness as demonstrated by hospital admissions was especially evident amongst both pediatric patients and the elderly. A review of laboratory-confirmed cases in Ontario found the highest risk of hospitalization was among infants less than 1 year of age and in the elderly greater than 65 years of age \[[@B2]\]. The province of Manitoba was especially affected in 2009. One series reports 894 confirmed cases of H1N1 in Manitoba from April 2^nd^to September 25^th^2009, of whom 23% were admitted to hospital and 6% to the intensive care unit \[[@B3]\].

The rapid global spread of this virus prompted the World Health Organization to declare an H1N1 pandemic in June of 2009. In the fall of 2009, a vaccine was introduced in hopes of reducing the burden of this virus. Patients with IgE mediated allergy to egg have in the past been advised to avoid the influenza vaccine due to the egg content of the vaccine. Influenza vaccines are developed by inoculating embryonated chicken eggs with virus and thus contain ovalbumin. A recent review of ovalbumin content in H1N1 vaccines found a range of actual ovalbumin content of 0.064-1.411 mcg/ml \[[@B4]\]. The purpose of this study was to assess the safety of administering 2 different doses of a monovalent split virus 2009 H1N1 vaccine in egg allergic patients.

Methods
=======

Patients with a history of probable egg allergy and candidates for receiving the H1N1 vaccine were referred to the pediatric and adult allergy and immunology clinics for administration of the H1N1 vaccine. A patient was labeled as egg allergic if they had a convincing clinical history of an IgE mediated reaction to egg ingestion (including symptoms of urticaria, angioedema, cough, other breathing difficulties, wheeze, pruritus, flushing, rhinoconjunctivitis, throat tightness, gastrointestinal complaints, cyanosis, and circulatory collapse) within 2 hours. They either had positive epicutaneous testing to egg white allergen and/or were immunocap positive to egg as part of confirming the clinical diagnosis.

The Canadian Society of Allergy and Clinical Immunology (CSACI) recommends administration of the H1N1 vaccine based on 2 risk categories of patient with egg allergy \[[@B5]\]. The first category are lower risk patients(with mild gastrointestinal or mild local skin reaction, tolerating ingestion of small amounts of egg, or positive skin/specific IgE test to egg without knowingly exposed to egg) or higher risk (previous respiratory or cardiovascular reaction, generalized hives or those with poorly controlled asthma). For lower risk patients the vaccine is recommended to be administered with a 60 minute observation period. For patients at higher risk, or if the risk is unknown, an initial test dose with 10% of the total dose followed by 30 minutes of observation. If there is no reaction after 30 minutes, the remaining 90% of the vaccine can be given with observation for 60 minutes. Children who tolerate the split dose and who require a second dose (first time receiving influenza vaccine) can receive the next dose in one injection. For all of the patients in this study, it was decided that if a skin test was found to be negative, the entire dose of the vaccine would be given with a 30 minute observation period.

Patients were skin tested to the H1N1 vaccine in the outpatient pediatric and adult allergy and immunology clinics of the Health Sciences Centre and Children\'s Hospital of Winnipeg, Manitoba, Canada. Upon determination of a negative skin test, the vaccine was administered with a 30 minute observation period. Children under 9 years of age were administered 1.88 μg\'s of hem-agglutinin antigen per 0.25 ml dose and individuals ≥ 9 years were administered 3.75 μg\'s of hemagglutinin antigen per 0.5 ml dose intramuscularly based on the above protocol. Control subjects consisted of patients with no history of egg allergy, who were referred to the allergy and immunology clinics due to various reasons including a history of a previous reaction to the influenza vaccine.

Epicutaneous testing was performed via the prick lanceter method using egg white extract (ALK Abelló), AREPANRIX H1N1 AS03 Adjuvanted H1N1 vaccine (GlaxoSmithKline), along with a positive (histamine) and negative (saline) control (ALK Abelló). A mean wheal diameter of 3 mm or greater than elicited by the negative control was considered positive. The ovalbumin content of the AREPANRIX H1N1 AS03 Adjuvanted H1N1 vaccine used had a stated allowable limit of 165ng/ml.

Results
=======

There were a total of 61 patients with history of egg allergy referred to the pediatric and adult allergy and immunology clinics. 2 patients were excluded, one did not have skin prick testing to the vaccine (only vaccine administration), and the other passed an egg challenge during the study period. Of the remaining 59 patients, there were 41 (69.5%) males and 18 (30.5%) females ranging from age 1 through 27 years with a mean of 5.6 years. There were 8 control patients with no history of egg allergy, aged 13-77 years (mean 45.5 years) with 7 females (87.5%) and 1 male(12.5%). Demographics are shown in table [1](#T1){ref-type="table"}. A comorbid diagnosis of asthma, or atopic dermatitis or allergic rhinitis was found in 29 (49.2%), 22 (37.3%), 8 (13.6%) respectively of all patients referred (Figure [1](#F1){ref-type="fig"}).

###### 

Demographics and safety of H1N1 vaccine administration to study groups

                                                                                     Patients with Egg allergy   Control Subjects
  ---------------------------------------------------------------------------------- --------------------------- ------------------
  Number of patients                                                                 59                          10
                                                                                                                 
  Age in years (mean)                                                                1-27(5.6)                   13-77(45.5)
                                                                                                                 
  Male sex (percentage)                                                              41(69.5%)                   1(12.5%)
                                                                                                                 
  Positive skin test response to H1N1 vaccine                                        1                           0
                                                                                                                 
  Reaction post-vaccination                                                          None                        None
                                                                                                                 
  Exact 95% Confidence Interval for percentage who can safely receive this vaccine   90.23%, 99.67%              63.06%, 100%

![**Comorbidity of Asthma, Atopic Dermatitis and Allergic Rhinitis**.](1710-1492-7-3-1){#F1}

All 59 patients had either a skin prick test performed to egg and/or a specific IgE level to egg white or egg yolk. 42 patients had both skin prick test to egg as well as specific IgE levels to egg performed. Of the 46 patients that had a specific IgE level performed to egg white, the mean egg white specific IgE level was 16.2Ku/L. Of the 47 patients that had skin prick testing to egg white commercial extract, the mean wheal size was 9.9 mm. Egg specific IgE levels and skin testing results are seen in Figure [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} respectively.
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![**Wheal to egg white in milimitres**.](1710-1492-7-3-3){#F3}

Skin testing to the H1N1 vaccine was performed in 59 patients and was found to be positive in only one (1.7%) patient. All patients with negative skin prick testing to the H1N1 vaccines were administered a dose of the H1N1 vaccine regardless of their risk category. The patients were then observed for 30 minutes after vaccination and no adverse events were noted. The one patient with a positive skin test had a H1N1 skin test diameter of 4 mm. Due to the H1N1 epidemic, it was decided that the benefits of vaccination outweighed the risks. After discussion with the patient\'s parents regarding the risks and benefits of vaccine administration or omission, the vaccine was administered to this individual, 10% of the dose initially then 90% with 30 minute observation after each injection. There were no adverse results.

Of note, this 2 year old male with a positive skin prick test to the H1N1 vaccine had a wheal diameter of 16 mm to egg white, comorbid diagnoses of asthma and atopic dermatitis as well as allergy to fish and shellfish. There were only 4 individuals with a larger or equivalent wheal diameter to egg than this patient with 2 at 18 mm and one at 17 mm and one at 16 mm. Of these four patients, one was not otherwise atopic, one had a comorbid diagnosis of asthma, two had comorbid diagnosis of both asthma and allergic rhinitis and none had allergy to fish or shellfish.

Discussion
==========

A novel 2009 influenza H1N1 virus was responsible for the first influenza pandemic in over 4 decades. H1N1 associated hospital admissions have been described in several Canadian studies \[[@B6],[@B7]\]. Within months of the initial identified cases of H1N1, a vaccine was produced in hopes of reducing morbidity and mortality associated with this virus. Our series demonstrated that a negative skin prick test and challenge are highly predictive of safely tolerating vaccine administration. In the past, influenza vaccines have been contraindicated in patients with egg allergy due to the ovalbumin content of the vaccine. However, previous studies have demonstrated that patients with egg allergy can receive an influenza vaccine in a 2 dose protocol when the vaccine contains ≤ 1.2 micrograms/ml of egg protein after appropriate skin testing \[[@B8]\]. A recent Canadian study also suggested that skin testing to the flu vaccine in patients with egg allergy is not necessary. Here Gagnon et al found that none of the over 800 patients with confirmed egg allergy had symptoms of anaphylaxis in the follow up period \[[@B9]\].

Similarly, our series of 59 patients also demonstrates that a 1 dose protocol in children and adults can be safely tolerated when the vaccine contains ≤165 ng/mL of ovalbumin. In addition, an egg allergic patient with a minimally positive skin test of 4 mm also tolerated vaccine administration with no adverse events in two half hour observation periods.

Conclusions
===========

The H1N1 vaccine appears to be safe to administer to individuals with a diagnosis of egg allergy. One of our 59 (1.7%) patients did have a positive skin prick test to the H1N1 vaccine along with a positive skin prick test to egg white, elevated specific IgE levels to egg white and egg yolk, and tolerated vaccine administration via challenge. Administration of the H1N1 vaccine to individuals with egg allergy appears to be safe. This study has shown that almost all skin tests to the H1N1 vaccine were negative making the role of skin testing questionable. Administering the vaccine in a 1 or 2 dose protocol without skin testing is a reasonable alternative as per the CSACI guidelines.
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